
R e p o r t  N o ,  I I T R I - C 6 0 3 0 - 6  
(Pr ogres s R e p o r t  ) 

BACKSTREAMING FROM O I L  D I F F U S I O N  PUMPS 

P Nat iona l  A e r o n a u t i c s  
and Space A d m i n i s t r a t i o n  

I l l  R E S E A R C H  I N S T I T U T E  



1 
I 
I 
1 
I 
1 
I 
I 

I 
E 

I 
I 
I 
t 
I 
1 

Report No. IITRI-C6030-6 
(Progress Report) 

BACKSTREAMING FROM OIL DIFFUSION PUMPS 

April 1 through June 30, 1965 
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I. INTRODUCTION 

The objective of this program is to evaluate the factors 

contributing to backstreaming contamination in modern, well 

baffled, oil diffusion pump systems. The comhinations being 

studied consist of fractionating and non-fractionating pumps, 

one bounce, right angle elbow and two bounce chevron baffles, 

and the pump oils DC 705, Convalex 10, and OS 124. 

During this report period we have succeeded in reducing 

backstreaming contamination to amounts much less than previously 

and have found that, under the optimum conditions, there is very 

little difference between the various pumps, baffles, and oils. 

Two baffles, the NRC Cry0 baffle and the Granville-Phillips have 

not performed as well, however, further conditioning may reduce 

the backstreaming- 

A second objective of the program is to measure contamination 

from turbo-molecular pumps., These pumps have been received and 

are being setup. 
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11. EXPERIMENTAL WORK - O I L  D I F F U S I O N  PUMPS 

During r e c e n t  work very low backstreaming va lues  have been 

c o n s i s t e n t l y  obtained f o r  t h r e e  o u t  of f i v e  tes t  s t a t i o n s .  This  

i s  a d i r e c t  r e s u l t  of experience with t h e  system and condi t ion ing  

of the o i l .  These low r e s u l t s  have requi red  a re-examination 

of our c o l l e c t i o n  and ana lys i s  techniques.  Consequently a 

s tandard  procedure as l i s t e d  below f o r  conducting the runs has  

been e s t a b l i s h e d  i n  an attempt t o  minimize t h e  v a r i a t i o n  i n  

d a t a  when working with such smal.1 q u a n t i t i e s  of o i l .  

1. 

2. 

3. 

4. 

5. 

6. 

S ta r t -up  d i f f u s i o n  pump wi th  50% of r a t e d  h e a t  

i npu t  f o r  1 - 1 1 2  hours. 

Cooling the outs ide  of chevron and "-6 b a f f l e s ,  

Bakeout of c o l l e c t i o n  p l a t e  ( w i t h  b a f f l e  co ld )  

f o r  18 hours. 

Run t i m e  should be a t  l e a s t  70 hours ,  

System should be kept  dry  during removal of sample. 

System p res su re  should be 2 x lom8 t o r r  or less 

(LN2 t rapped gage) .  

A, R a t e  of Heatinq on S ta r tup  

Previous d a t a  (Report C6030-5, Table 3 ,  runs 93, 95, 96) 

on S t a t i o n  5 us ing  Convalex 10  and without bakeout of t h e  

c o l l e c t i o n  p l a t e  a t  tk s t a r t  of a run i n d i c a t e d  a minimum 

s t a r t u p  depos i t  when 50% of r a t e d  h e a t  i npu t  was used i n  s t a r t i n g  

up t h e  d i f f u s i o n  pump. An adequate bakeout procedure should 

e l imina te  any d i f f e r e n c e s  from s t a r t u p  e f f e c t s ,  and t h i s  i s  

I I T  R E S E A R C H  I N S T I T U T E  

2 IITRI-C6030-6 



g e n e r a l l y  t r u e  of recent da ta  using steam hea t ing  of the collec- 

t i o n  p l a t e  a t  t h e  s t a r t  of the run. However, even a f t e r  such 

bakeouts (see C below) measurable depos i t s  a r e  always present .  

Consequently, 50% of r a t e d  hea t  i npu t  on s t a r t u p  was adopted 

a s  a s tandard  procedure, This involves  very l i t t l e  e x t r a  e f f o r t  

and the pump performance, as  i nd ica t ed  by the system p res su re ,  

i s  not  no t iceably  a f f e c t e d ,  

B. Coolinq Externa l  Walls of Ba f f l e s  

Previous r e s u l t s  (Report C6030-5, Table 4 ,  runs 98, 101, 

108) with  t h e  BC-61 chevron b a f f l e  w i t h  DC 705 has  shown t h a t  

cool ing  t h e  ou te r  wa l l s  t o  1 4 O F  g ives  a marked decrease i n  

backstreaming values .  Table 1, r e t a b u l a t i n g  t h e  r e s u l t s  t o  

inc lude  t o t a l  d e p o s i t  weight, shows t h a t  there i s  a s i m i l a r  effect  

f o r  Convalex 10. The depos i t  weight i s  a more v a l i d  c r i t e r i o n  

s i n c e  t h e  p re sen t  low values  a r e  r e l a t i v e l y  independent of run t i m e  

(see s e c t i o n  C ) .  

wa l l s  a redue  t o  oil migration along these warm su r faces .  

sequent ly  i n  our s tandard  runs t h e  ou te r  wa l l s  of the t r a p s ,  

BC-61 and "-6, a r e  cooled t o  1 4 0 F ,  t h e  maximum a v a i l a b l e  effect  

w i t h  -75O r e f r i g e r a t i o n  and good i n s u l a t i o n ,  Both the r i g h t  

angle  b a f f l e  and the Granvi l le -Phi l l ips  t r a p s  a s  normally used 

do n o t  have any warm sur faces  which could l e a d  t o  o i l  migration. 

Presumably, t h e  higher  va lues  w i t h  uncooled 

Con- 

C. Bakeout of the Collect ion P l a t e  and Run Time  

I n  order  t o  f u r t h e r  confine the measurement of contamination 

t o  the s t eady  s t a t e  run period and e l imina te  s t a r t u p  effects,  
I I T  R E ~ E A R C H  I N S T I T U T E  
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bakeout of t h e  c o l l e c t i o n  p l a t e  wi th  t h e  t r a p  kep t  a t  -75OF was 

employed. The r e s u l t s  are given i n  Table 2. I t  i s  seen t h a t  

us ing  steam or h o t  a i r  a t  470°F has  t h e  same e f f e c t  and reduces 

t h e  depos i t  weight appreciably and, under these optimum condi- 

t i o n s ,  the weight i s  e s s e n t i a l l y  independent w i t h  run t i m e s  

varying from zero t o  293 hours. The values  w i t h  DC 705 a r e  

much l a r g e r  than those wi th  Convalex 10 or  O S  1 2 4 .  However, 

i f  t h e  a n a l y t i c a l  blank (see D below) i s  considered,  t h e  n e t  

d e p o s i t  weights decrease t o  1 x mg/cm2 2 100%. Run 151 

which has  employed a 470°F bake gave t h e  l o w e s t  value and, con- 

s i d e r i n g  the a n a l y t i c a l  blank, i s  e s s e n t i a l l y  zero,  The value 

of 1 x 

c l o s e l y  t o  a f i l m  th ickness  of cm.  This l a t t e r  value i s  

extremely c l o s e  t o  t h e  values of .99 x and 1,09 x c m  

which a r e  the molecular diameters of Convalex 10  and DC 705, 

r e s p e c t i v e l y ,  c a l c u l a t e d  f rom 

mg/cm2 f o r  t h e  t o t a l  depos i t  corresponds very 

L\ = 1.329 x lo-* ( M / p ) l I 3  c m  (Ref. 1) 

Thus it appears t h a t  an oil f i l m ,  over and above any r e s i d u a l  

m a t e r i a l  l e f t  by t h e  so lvent  methanol r i n s e ,  i n  an amount 

equiva len t  t o  a monomolecular f i l m  i s  deposi ted i n  t h e  e a r l y  

s t a g e s  of t h e  run. T h i s  depos i t  does n o t  appear t o  be removed 

by h e a t i n g  t h e  p l a t e  t o  470°F i n  t h e  case of DC 705. I n  t h e  

case  of Convalex 10 this  depos i t  was no t  removed by steam and 

was removed a t  47O0F. 
(Ref*  "Dushman S. afd La f fe r ty  J, M, I IScient i f ic  Foundations 
of Vacuum Techndlogy John Wifey and Sons, Inc.  , 1962. 2nd ed. 
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D. Analy t ica l  Treatment of Samples 

I n  previous runs  with g r e a t e r  backstreaming r a t e s  it was 

found t h a t  a s i n g l e  r i n s e  w i t h  so lven t  removed 96% of t h e  o i l .  

W i t h  the low backstreaming r a t e s  p r e s e n t l y  obtained under optimum 

condi t ions  t h e  amount of o i l  was only 20% or less of t h e  previous 

values., I n  a d d i t i o n  the a n a l y t i c a l  technique h a s  d e f i n i t e  

l i m i t a t i o n s  although it has been extended an order-of-magnitude 

during t h i s  program, W e  have evaluated our sampling procedure 

f o r  t h e s e  smaller  amounts of o i l .  Typical d a t a  a r e  given i n  

Table 3 .  

removed, a r e s i d u a l  a n a l y t i c a l  blank remains which i s  r e l a t i v e l y  

cons t an t  f o r  any number of successive mul t ip l e  r i n s e s ,  T h i s  blank 

v a r i e s  from .001 t o  .018 m g  fo r  polyphenyl e t h e r s  and .020 t o  

-039 f o r  DC 7 0 5 ,  

s o l v e n t  r i n s e s  t o  f o l l o w  every backstreaming sample so a s  t o  minimize 

r e s i d u a l  o i l ,  Addi t ional ly  a f i n a l  sample i s  taken which can be 

used a s  an a n a l y t i c a l  blank and i n d i c a t e s  t h e  over -a l l  accuracy 

of the ana lys i s .  The present  va lues  under optimum condi t ions  

appear t o  be approaching the l i m i t  of t h e  a n a l y t i c a l  method. 

There are, however, s t i l l  d e f i n i t i v e  d i f f e rences  between t h e  

measured amount and the  a n a l y t i c a l  blank, The a n a l y t i c a l  blank 

f o r  DC 705 i s  s e v e r a l  t i m e s  g r e a t e r  than  f o r  Convalex 10, T h i s  

i s  t o  be expected s i n c e  s i l i c o n e  f i l m s  a r e  known t o  be very r e s i s t a n t  

t o  c leaning methods ., 

These d a t a  i n d i c a t e  t h a t  a f t e r  the  o r i g i n a l  sample i s  

Present  sampling procedures now c a l l  f o r  mu l t ip l e  

I l l  R E S E A R C H  I N S T I T U T E  
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E. T e s t s  Under Standard Run Conditions 

A number of runs made under s tandard run condi t ions  a r e  

given i n  Table 4. S t a t i o n s  1, 2 ,  and 5 a r e  running on the 

order  of a magnitude l o w e r  than S t a t i o n s  3 and 4. I t  w i l l  be 

r e c a l l e d  t h a t  S t a t i o n  3 o r i g i n a l l y  had a d e f e c t i v e  b a f f l e  which 

was subsequently replaced,  S t a t i o n  4 had previous ly  been tested 

i n  the o r i g i n a l  work2 where backstreaming va lues  w e r e  approximately 

1/4 p re sen t  values .  

l a r g e  values  o f l i g h t  ends and types  of pressure  surges ,  which i n  

the case  of S t a t i o n  3 w e r e  found t o  be hydrogen b u r s t s ,  

3 and 4 a r e  p r e s e n t l y  being subjec ted  t o  numerous regimes of 

o i l  condi t ion ing ,  c leaning ,  new o i l  charges and d i f f e r e n t  b a f f l e s ,  

So f a r  t h e s e  t w o  s t a t i o n s  have shown very 

S t a t i o n s  

S t a t i o n s  1 and 5 wi th  Convalex 1 0  and O S  1 2 4 ,  r e s p e c t i v e l y ,  

a r e  g iv ing  e s s e n t i a l l y  t h e  same very low va lues ,  S t a t i o n  2 w i t h  

DC 705 i s  g iv ing  somewhat higher va lues  f o r  t o t a l  depos i t  weight,  

However, the l a t t e r ,  when cor rec ted  f o r  t h e  a n a l y t i c a l  blank,  

a r e  e s s e n t i a l l y  t h e  same a s  those  f o r  S t a t i o n s  1 and 5, These 

very  l o w  values  a r e  r e l a t i v e l y  independent of run l eng th  and 

correspond r a t h e r  c l o s e l y  t o  the est imated amount i n  a mono- 

molecular l a y e r ,  

I t  appears f r o m  the r e s u l t s  f o r  t h e s e  t h r e e  s t a t i o n s  ope ra t ing  

under our s tandard condi t ions ,  t h a t  t h e  same very l o w  va lues  can be 

obtained using widely d i f f e r e n t  o i l s ,  b a f f l e s  and pumps, The degree 

of o i l  condi t ioning and age of t h e  o i l  has  v a r i e d  from two months 

* 
Technical Documentary Report N o ,  AEDC-TDR-63-174, August 1963. 
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f o r  S t a t i o n  5 t o  t h r e e  yea r s  f o r  S t a t i o n  2, 

previous ly  S t a t i o n  5,  employed Convalex 10 w i t h  an accumulative 

run t i m e  of over 1 year .  

S t a t i o n  1, and 

The condi t ions  of operat ion of t h e s e  tests r ep resen t  very 

good vacuum p r a c t i c e ,  condi t ions w h i c h  are d i f f i c u l t  o r  imprac t i ca l  

t o  o b t a i n  i n  m o s t  vacuum chambers, I t  i s  be l ieved  t h a t  the condi- 

t i o n s  r ep resen t  an optimum and t h a t  f u r t h e r  reduct ions  would n o t  

only be d i f f i c u l t  t o  ob ta in  but  a r e  f a r  f r o m  a c t u a l  p r a c t i c e .  

I t  i s  planned t o  use devia t ions  from t h e s e  optimum condi t ions  t o  

s tudy  the e f f e c t s  of var ious  ope ra t ing  c o n d i t d n s  such a s  a i r  

leaks, puls ing  phenomena, e t c ,  

E. E f f e c t  of Exposinq O i l  t o  A t m o s p h e r i c  A i r  

One of the f i r s t  v a r i a b l e s  s tud ied  under these s tandard ized  

run condi t ions  was the e f f e c t  of exposing room temperature o i l  t o  

the atmosphere. I t  has  b e e n  noted t h a t  new o i l  r e q u i r e s  con- 

s i d e r a b l e  degassing and usua l ly  undergoes severe f r o t h i n g  during 

i n i t i a l  opera t ion .  To exaggerate a c t u a l  opera t ing  p r a c t i c e  t h e  

condi t ioned o i l  from t h e  t w o  pumps (S ta t ions  1 and 2 )  was dra ined  

and poured back i n t o  t h e  pump t o  expose it t o  a i r ,  New o i l  cannot 

be tested s i n c e ,  without an ex tens ive  condi t ion ing  per iod  of a 

month o r  so, backstreaming values  a r e  always extremely high. An 

a d d i t i o n a l  run was a l s o  made w h e r e  the pump o i l  was exposed t o  

atmospheric p r e s s u r e  three successive t i m e s  i n  the course of a 

s i n g l e  run, These d a t a  a r e  g iven  i n  Table 5 0  I t  can be seen t h a t  

t h e s e  tests had no appreciable  effect  on t h e  amount of depos i ted  o i l .  
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111. EXPERIMENTAL WORK - TURBO-MOLECULAR PUMP 

Three turbo-molecular pumps, Model 3102A, 140 l i t e r /min  

capac i ty ,  have been received from the Welch S c i e n t i f i c  Company. 

Co l l ec t ion  p l a t e s  have been designed and f a b r i c a t e d .  Current 

work involves  connecting t h e  pumps t o  e l e c t r i c a l  power and the 

baff le  cool ing system. N o  backstreaming d a t a  a r e  a v a i l a b l e  a s  

ye t .  

I V .  DISCUSSION 

During t h i s  r e p o r t  per iod two f a c t o r s  have become apparent:  

(1) under optimum condi t ions t h e  backstreaming of three systems 

us ing  d i f f e r e n t  pumps, b a f f l e s ,  and o i l s  has  been approximately 

L O 2  x m g / ( c m  ) (min) f o r  s tandard  run condi t ions  of 70 

hours and ( 2 )  the amount of oil on t h e  c o l l e c t i o n  p l a t e  i s  no t  

g r e a t l y  inf luenced by run t i m e .  

2 

I t  i s  be l ieved  t h a t  t he  systems a r e  ope ra t ing  under i d e a l i z e d  

condi t ions  and, under t h e s e  cond i t ions ,  there i s  very l i t t l e  

d i f f e r e n c e  i n  pumps, o i l s ,  or b a f f l e s ,  I t  would appear t h a t  the 

d i f f e r e n c e  i n  the systems w i l l  be apparent when opera t ing  under 

less - than- idea l  condi t ions ,  The next  e f f o r t  should involve a 

s tudy  of each of the systems under condi t ions  t h a t  more nea r ly  

s imula te  t h e  vacuum p r a c t i c e  of t h e  many l a b o r a t o r i e s  conducting 

space s imula t ion  w o r k ,  

I l l  R E S E A R C H  I N S T I T U T E  
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V. FUTURE WORK 

A, Diffusion Pump 

The following parameters which are representative of operating 

conditions will be studied with regards to their effect on back- 

streaming contamination, 

1. 

20 

3. 

4. 

5, 

In 

station 

Moist air leak into fine vacuum, 

Moist air leak into fore line. 

Evaluation of "-6 (NRC) baffle, 

Evaluation of series 251 Cryosorb cold trap 

Granville-Phillips baffle. 

Bleed of light gas (helium) into fore line, 

addition, the effect of a side stream stripper on a 

containing an oil which is giving very large backstreaming 

values will be investigated, 

B e  Turbo-Molecular Pumps 

These pumps will be installed and initial tests conducted, 
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